Canine parvovirus (CPV) strains were compared for haemagglutination (HA) activity and antigenicity and were divided into two types by HA activity. Strains Cp49 and 29-F showed temperature-dependent HA, like feline panleukopenia virus (FPLV) and mink enteritis virus (MEV), whereas strains Sp-80 and Y-1 showed temperatureindependent HA with erythrocytes from eight species of animals. The results of a cross HA inhibition test using immunized rat sera suggested that of the two types of CPV those showing temperature-dependent HA were antigenically like FPLV and MEV whereas those showing temperature-independent HA were not. This antigenic difference between the two types was confirmed by a HA inhibition test with monoclonal antibodies. A chronological survey revealed that CPV isolates from earlier years have HA activity and antigenicity similar to those of FPLV and MEV, whereas current CPV isolates do not. There are some exceptional isolates from the transitional period which have similar antigenicity to FPLV and MEV but different HA activity. These results suggest that the haemagglutinin of CPV altered from one form resembling that of FPLV to a somewhat different structure during passage in dogs in nature.
INTRODUCTION
Canine parvovirus (CPV) is an autonomous parvovirus, the smallest animal virus with a single-stranded DNA. It causes severe enteritis in dogs of all ages and myocarditis in pups less than 12 weeks of age. CPV is a new pathogen for dogs which, according to serological surveys (Johnson & Spradbrow, 1979; Walker et al., 1980; Carmichael & Binn, 1981 ; Mohri et al., 1982) , seems to have emerged in the latter half of the 1970s. Characterization of this new virus was vigorously pursued in the years immediately following its isolation. There are, however, discrepancies in these reports. Many authors reported that some haemagglutination (HA) activities of CPV are distinct from those of feline panleukopenia virus (FPLV) or mink enteritis virus (MEV), but the reports do not agree regarding the HA spectrum, temperature conditions and other aspects (Gagnon & Povey, 1979; Johnson & Spradbrow, 1979; Carmichael et al., 1980; Osterhaus et aL, 1980) . Some authors report that CPV is distinguishable from FPLV by serum neutralization tests or other appropriate serological tests (Lenghaus & Studdert, 1980; Flower et al., 1980) , whereas others report that it is indistinguishable serologically (Johnson & Spradbrow, 1979; Carmichael et aL, 1980) . These early studies of CPV seem to be based on the supposition that CPV is monotypic. However, we have previously observed that there are strain differences in the HA activities of CPV isolates using an improved HA method (Senda et al., 1986) . A recent report on American CPV isolates using monoclonal antibodies (MAbs) also reveals that there is natural variation between CPV isolates (Parrish et al., 1985) . Thus it is presumed that the discrepancies in the early studies were a consequence of strain differences. It is important to clarify the extent of strain difference for more complete characterization of CPV and for comparative studies with other parvoviruses regarding the origin of CPV.
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This paper deals with differences between strains of CPV in HA activity and antigenicity and comparison with FPLV and MEV. (Table 3 ) isolated in Japan between 1979 and 1985 and two American strains of CPV for reference (Parrish et aL, 1985) were used. The TU1 (Konishi et al., 1975) and the Obihiro (Goto et al., 1974) strains of FPLV and the Abashiri strain (Higashihara et al., 1981) of MEV were used for comparison with CPV.
METHODS

Viruses. Thirty strains of CPV
HA test. HA tests were performed as described previously (Senda et al., 1986) , using borate-buffered saline (BBS) and 'virus-adjusting diluent' as diluents for antigen and erythrocytes respectively. Porcine erythrocytes were mainly used for HA and HA inhibition (HI) tests. Erythrocytes from 16 species of animals (Table 1) and human type O erythrocytes were also used to study HA. The results were scored after incubation at 4 °C or 37 °C overnight. The HA titre is expressed as the reciprocal of the highest antigen dilution showing complete HA. The temperature dependence of HA was determined from the value of HA titre at 4 °C relative to that at 37 °C. Temperature dependence was regarded as positive when the value was more than 16.
Cross-HI test. Three Wistar rats were each immunized with strains Cp49, 29-F, Sp-80 and Y-1 of CPV, strains TU 1 and Obihiro of FPLV and the Abashiri strain of MEV, all inactivated by fl-propiolactone and containing 256 HA units. Blood samples were collected from animals 2 weeks after immunization. HI tests were performed as described previously with 8 HA units of each strain used for immunization (Sendaet al., 1986) . The HI titre is expressed as the reciprocal of the highest serum dilution showing complete absence of HA.
MAbs. MAbs 7, D and 1D1 were kindly supplied by Dr C. R. Parrish (Monash University, Victoria, Australia). MAb D reacts with the 'old type' CPV, MAb IDI with the 'new type' CPV, and MAb 7 reacts commonly with CPV of both types (Parrish et al., 1982; Parrish & Carmichael, 1983; Parrish et al., 1985) .
RESULTS
Strain difference in HA activity
The spectra of erythrocytes agglutinated with all tested CPV, FPLV and MEV strains at 4 °C were identical (Table 1) . These viruses agglutinated erythrocytes from pig, African green monkey, dog, shrew mouse, horse, cat, golden hamster or sheep, but not those from cattle, goat, rabbit, guinea-pig, rat, mouse, goose, chicken or human type O. Strain difference ofCPV -80  161  203  102  81  102  128  64  Y-1  161  161  81  81  81  128  81  Cp49  40  51  323  323  323  256  203  29-F  51  51  323  323  512  323  323   FPLV TU1  64  32  203  406  406  406  406  Obihiro  51  25  203  323  512  512  203 MEV Abashiri 64 51 203 512 512 512 406 HA titres decreased 16-fold more at 37 °C than at 4 °C using erythrocytes from eight species of animals which were agglutinated by strains Cp49 and 29-F of CPV and strains of FPLV and MEV. HA titres of erythrocytes agglutinated with strains Sp-80 and Y-1 of CPV remained constant at 4 °C and 37 °C (Table 1) . Table 2 shows the results of the cross-HI test. Strains Cp49 and 29-F were extremely similar to FPLV and MEV strains in antigenicity. Strains Sp-80 and Y-I showed antigenicity somewhat different from the other five viruses. This difference was confirmed to be significant by statistical analysis (P < 0.01).
Cross-HI test
Typing with MAbs
HI titres of MAbs with 30 isolates of CPV in Japan and two reference isolates from America are shown in Table 3 . A new type of isolate reacting with MAb 1 D1 appeared in Japan towards the end of 1979; the rate of isolation of this new type increased annually until 1982. Strains isolated after 1983 were all classified as the new type. HI titres of type-common MAb 7 with the old type strains were relatively higher than HI titres of type-common MAb 7 with the new type strains.
Relationship between HA activity and typing with MAbs
Eight of 12 old type isolates showed temperature-dependent HA, whereas all of the new type isolates showed temperature-independent HA. The four other old type isolates which appeared to have temperature-independent HA had been isolated in late 1980 and early 1981.
DISCUSSION
The present study revealed that the CPV strains investigated are divided into two types by HA activity and antigenicity. Most CPV strains showing similar antigenicity to FPLV and MEV in the cross-HI test and the old type antigenicity in tests with MAbs showed temperaturedependent HA like FPLV and MEV. These types had been isolated earlier. All of the new type strains having somewhat different antigenicity from FPLV and MEV showed temperatureindependent HA, and gradually replaced the old type strains. This coincidence of typing by HA activity and antigenicity was observed in 87 ~ (26/30) of the tested isolates. The only exceptions were four isolates of the old type showing temperature-independent HA which were all isolated in the transitional period when the old type was being replaced by the new type. One of these four isolates, BCP-1, reacted weakly even with MAbs specific to the old type (Table 3 ). These results show that there are at least three types : old, new and possibly one or more transitional types of CPV strains, and that currently circulating CPV isolates are less similar to FPLV and MEV in HA activity and antigenicity than those isolated in earlier years.
The determinants for temperature dependence of HA and for antigenic type are considered to be on the haemagglutinin because one is associated with HA activity and the other reacts with HI MAbs. The coincidence of typing in most of the tested isolates suggests that the two determinants are closely related to each other. The presence of the four exceptional isolates, however, shows that these determinants are not identical. The exceptional isolates have the old type antigenicity and temperature-independent HA activity. It is surmised from this that the mutation on the determinant for temperature dependence of HA preceded that on the determinant for antigenic type, or that the second mutation is on an area shared by the two determinants.
It seems that all the tested strains of CPV, FPLV and MEV have equivalent HA activities at pH 6-0 and 4 °C by our improved HA method, since they showed identical HA spectra and similar titres (Table 1) . It has been reported that CPV showed a wider HA spectrum and higher HA titre than FPLV (Appel et al., 1979; Carmichael et al., 1980; Lenghaus & Studdert, 1980; Goto et al., 1984) . This discrepancy may be attributed to the HA methods used in the tests. The pH of HA buffers used in many previous studies was around 7.0. The optimum pH range for CPV, FPLV and MEV is reported to be 5.6 to 6.0 (Carmichael et al., 1980; Senda et al., 1986) , which was the pH of our HA system. FPLV may have failed to agglutinate erythrocytes from some species which CPV agglutinated, or lowered the HA titre at higher pH, since HA with FPLV shows stricter pH dependence than HA with CPV (Moraillon & Moraillon, 1982) . It has also been reported that HA at 22 °C is distinct for CPV (Gagnon & Povey, 1979; Johnson & Spradbrow, 1979) . We observed, however, that HA with all strains of CPV, FPLV and MEV occurred at 4 °C, 22 °C (data not shown) and even at 37 °C (Table 1 ). The lowering of HA titre observed at higher temperatures, i.e. temperature dependence, is most marked with FPLV and MEV, the old type strain of CPV is less temperature-dependent and the new type strain of CPV is temperature-independent. Hence HA activity at 22 °C may not be a good criterion for distinguishing CPV and FPLV either.
Some authors reported that CPV is distinguishable from FPLV by serological tests (Flower et al., 1980; Lenghaus & Studdert, 1980) . In our study, the cross-HI test shows that the antigenic difference between the two types of CPV strains is greater than that between FPLV or MEV and the old type (Cp49 and 29-F) CPV strains (Table 2 ). Thus it is apparently impossible to distinguish CPV from FPLV serologically, at least by an HI test with polyclonal sera.
The origin of CPV has been of great interest since the emergence of this virus. FPLV or its vaccine strain has been suspected to be the origin due to similarities with CPV in many characteristics (Johnson & Spradbrow, 1979; Lenghaus & Studdert, 1980; Tratschin et al., 1982) . Assuming that CPV originated from FPLV or MEV by mutation of an unknown determinant for host range, additional mutations may have occurred in the haemagglutinin within a few years. The present results of the cross-HI test suggest that the latter mutation resulted in an even greater change in antigenicity than the former.
It has been shown that the new type strain drove out the old type strain (Table 3 ). This suggests that the mutation from the old type strain to the new type may also have resulted in an increase in its ability to multiply and spread in dogs (Parrish et al., 1985) , i.e. more complete adaptation to dogs.
The present study suggests that the structure of haemagglutinin in CPV was altered from one resembling that of FPLV to a somewhat different one in the process of adapting to dogs. This may be significant information for clarifying the origin, mechanism of emergence and history of CPV.
